Habitat fragmentation and diseases have resulted in a decline of the marsh deer (Blastocerus dichotomus) throughout its South American range. Our objectives were to determine whether marsh deer intended for translocation from a region of the Rio Paraná Basin had been infected previously by foot-andmouth disease virus (FMDV) and whether they were carrying virus. We captured marsh deer from June to October 1998 and collected blood from 108 animals and esophageal-pharyngeal fluid from 53. Serum was tested for antibodies against three FMDV serotypes (O, A, and C) by liquid-phase-blocking sandwich enzyme-linked immunosorbent assay (ELISA). Esophagealpharyngeal fluid was tested for FMDV RNA by reverse transcription polymerase chain reaction (RT-PCR) and inoculation into three successive baby hamster kidney (BHK-21) cell subcultures, followed by RT-PCR of cultures. We detected low log 10 titers (range 1.0-1.5) to FMDV subtype A 24 Cruzeiro in 19 of 108 sampled marsh deer, but failed to isolate FMDV or detect FMDV RNA in any samples. We conclude that marsh deer from our study site were unlikely to carry FMDV; however, as a preventive measure, the 19 animals with titers for FMDV were not sent to FMDV-free Brazilian states.
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Foot-and-mouth disease (FMD) is a highly contagious viral disease that causes serious economic losses where it occurs. In Brazil, serotypes O, A, and C have been reported, and the reference subtypes O 1 Campos, A 24 Cruzeiro, and C 3 Indaial are used in vaccines. All species in the order Artiodactyla are susceptible to infection with FMD virus (FMDV), but susceptibility and disease course vary widely among and even within species (Thomson, 1996) . The significance of FMD for wild ruminants is largely related to the animals' potential role as carriers of the virus (Thomson et al., 2003) .
The marsh deer (Blastocerus dichotomus, Illiger 1815) is the largest deer in South America (Duarte, 1997) . Habitat fragmentation, as a result of agricultural activities and construction of hydroelectric power plants, has resulted in a dramatic decline of the species throughout its range (Beccaceci, 1994; Pinder and Seal, 1994; . In marsh deer, poaching and diseases transmitted by domestic animals have also contributed to this decline (Montassier et al., 2001; Szabó et al., 2003; Torres et al., 2003) . The species is considered by the International Union for Conservation of Nature (IUCN) and Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) as vulnerable (IUCN, 2009) . There is no information about the susceptibility of the marsh deer to FMDV.
In 1998, free-living marsh deer populations, among other species, were affected by the flooding of the Porto-Primavera hydroelectric dam water reservoir. As part of a research program supported by the São Paulo State Energy Company (CESP), marsh deer were captured to establish a captive population and to perform translocation experiments. Because plans called for some individuals to be translocated to a FMD-free zone with vaccination, our objectives were to determine if the captured deer had been infected previously by FMDV and whether they carried virus.
Marsh deer were captured around the Porto-Primavera hydroelectric dam in the Paraná River Basin between the states of Sao Paulo and Mato Grosso do Sul, Brazil (22u269S, 52u599W), from June to October 1998. A novel live-capture technique was used incorporating a helicopter, followed by manual restraint (Duarte, 2008) .
In total, 247 deer were captured. Because these animals were used in different research and conservation projects for distinct purposes, blood was collected from only 108 individuals from three subpopulations, named group (G) 1, 2, and 3 ( Fig. 1 and Table 1 ). After capture and chemical restraint, blood samples were collected by jugular puncture, and sera samples were separated by centrifugation and stored at 220 C. Age was estimated by weight and antler size/ ramification in young animals, and by teeth erosion in adults. Deer ,12 mo old were categorized as fawns, those from 1-4 yr were categorized as subadult, and .4 yr were categorized as adult. Esophageal-pharyngeal (EP) fluid was collected from 53 of these animals using a ''probang cup'' (Sutmoller and Gaggero, 1965; Kitching and Donaldson, 1987) . To preserve the sample for RNA extraction, 750 ml of TRIzol LS (Invitrogen, Carlsbad, California, USA) was immediately added to 250 ml of EP fluid and stored at 4 C for no more than 1 mo until used. The remaining fluid was stored in cryogenic vials with viral transport medium 1:1 (v/v) in liquid nitrogen for subsequent cell culture inoculation.
To quantify antibodies against O 1 Campos, A 24 Cruzeiro, and C 3 Indaial FMDV strains, a liquid-phase-blocking sandwich enzyme-linked immunosorbent assay (LPB-ELISA) (Hamblin et al., 1986 ) was applied as optimized and standardized by Araú jo et al. (1996) for water buffalo (Bubalus bubalis). Antigens were used at a concentration that gave an optical density of 1.5 at 492 nm. In each plate, 22 wells were used for antigen control, with no test sera added, and two wells were used as blanks. Antibody titers were expressed as the log 10 of the reciprocal serum dilution that inhibited color development in relation to the 22 antigen control wells. Sera samples to be tested were diluted twofold, starting at a dilution of 1:4. A pool of five sera for each strain, obtained from water buffalo herds that had been systematically vaccinated (commercially produced trivalent FMD vaccine) and showed high virus-neutralizing (VN) titers (.2.0), was used as positive reference serum. A pool of five sera was collected from water buffalo herds that had never been vaccinated, from which the disease had never been reported, and which had no detectable VN antibody to the three FMDV serotypes. This serum pool was used as negative reference. As a quality control for the sensitivity of the test, a pool of five low-VN-titer (1.5) water buffalo sera samples was also tested for each strain. An alternative procedure based on mathematical interpolation was adopted to estimate more precisely antibody titers in the LPB-ELISA. The chisquare test was used to explore associations between presence of titers and group or age category; a50.5 was used to ascribe statistical significance. For virus isolation, baby hamster kidney (BHK-21/C-13) cells (CCL 10, American Type Culture Collection, Bethesda, Maryland, USA) were grown for 2 days in 25-cm 2 flasks and inoculated with 1 ml of the EP fluid previously filtered with a 0.22-mm filter (Millipore Corporation, Bedford, Massachusetts, USA). After incubation for 30 min at 37 C, 5 ml of Eagle's Minimal Essential Medium were added to the flasks, and they were incubated for 48 hr at 37 C. Cells were examined daily for cytopathic effect (CPE), and if cultures were negative after 48 hr, cells were harvested, and the supernatant was reinoculated into fresh cultures (second passage). The process was repeated for up to 144 hr following the first inoculation.
Total RNA was extracted from flasks containing inoculated BHK-21 cell monolayers and directly from the EP fluid samples using TRIzol LS Reagent (Invitrogen, Carlsbad, California, USA). Reverse transcription polymerase chain reaction (RT-PCR) methods were modified from those previously described by Knowles (1990) . Briefly, extracted total RNA was reverse transcribed with a random primer and SuperScript II RT (Invitrogen), according to the manufacturer's instructions. The reaction was carried out in 50 ml volume, adjusted with autoclaved ultrapure water, containing 10 ml of cDNA, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM dNTPs (Invitrogen), 1 U of Taq DNA polymerase (Invitrogen), and 2.5 mM of the following primers: antisense NK-61 (59 GACATGTCCTCCTGCATCTG 39) for all three virus types and sense A-1C 562 (59 TACCAAATTACACACGGGAA 39) for type A virus, or sense O-1C 124 (59 AC-CAACCTCCTTGATGTGGCT 39) for type O virus, or sense C-1C 536 (59 TACAGG-GATGGGTCTGTGTGTACC 39) for type C virus. After denaturing for 4 min at 94 C, amplification was performed in 30 cycles composed of 1 min at 94 C (denaturation); 1 min at 55 C for A-1C 562 , or 60 C for O-1C 124 , and C-1C 536 (annealing); and 1.5 min at 72 C (extension), followed by a final extension step at 72 C for 5 min and holding at 4 C. DNA electrophoresis was carried out in 1.5% agarose gels containing ethidium bromide, and DNA fragments were visualized under ultraviolet light. A positive result yielded an 863-866 base pair (bp) (type A), 1,301 bp (type O), and/or 877-883 bp (type C) band. Complementary DNA used as positive and negative control was made from a polyvalent vaccine suspension before inactivation (titered as 1 TCID 50 for each viral strain) and from an uninfected cell culture, respectively.
Nineteen of the 108 sera samples tested by LPB-ELISA had titers for FMDV subtype A 24 Cruzeiro $1.0 (Table 1) ; the remaining 93 samples had titers ,1.0. There was no difference among the groups (x 2 50.691; P50.708) or age categories (x 2 50.133; P50.936) in the proportion of samples with titers. We found titers ,0.6 against O 1 Campos or C 3 Indaial subtypes in this study. Neither CPE in inoculated cell cultures nor positive results in RT-PCR reactions occurred in the 53 EP samples processed; 14 of these were from deer with LPB-ELISA titers $1.0 for A 24 Cruzeiro, including the animal with the highest titer (1.51).
In principle, the LPB-ELISA should work with samples of all species. For our purposes, we assumed that the cut-off, sensitivity, and specificity values generated for cattle (Hamblin et al., 1986) or water buffaloes (Araú jo et al., 1996) were valid for marsh deer. Hamblin et al. (1986) , in the original publication of the method, considered only titers above 1.6 log 10 as specific for FMDV serotypes. Araú jo et al. (1996) determined cut-off values of 0.9 for FMDV strain O 1 Campos, 1.31 for strain A 24 Cruzeiro, and 1.0 for strain C 3 Indaial. According to the cut-off established by Hamblin et al. (1986) for cattle, all of the titers in marsh deer sampled here would be considered nonspecific, but under the standard established by Araú jo et al. (1996) for water buffalo, one sample would be considered positive. Although we would have preferred to use species-specific data in interpreting laboratory data, it was not possible to gather a sufficient number of well-defined samples from marsh deer for assay validation. This is a challenge common to most attempts to study livestock disease in wildlife species.
Because the LPB-ELISA was not fully validated for marsh deer, we elected to interpret low titers with caution. Consequently, it was possible that even the highest observed titers were nonspecific. The lack of association between presence of low titers and either groups or age categories reinforced the idea that these titers could be nonspecific. Negative results of virus isolation and RT-PCR provided further evidence that the sampled marsh deer probably were not FMDV carriers.
Despite the foregoing evidence, we recognize that care should be taken in making inferences about exposure and infection status of the animals we sampled because of uncertainty about when these animals might have been infected and how marsh deer respond to FMDV infection. Moreover, these tests may fail to detect FMDV in some animals because the virus can be present intermittently and in varying quantities (Thomson et al., 2003) . Observations by Brazilian farmers in the 1920s to 1940s indicated that the marsh deer was extinct in the state of Sao Paulo because of FMD (Junqueira, 1940) . Thus, the importance of FMD to the viability of marsh deer populations-past and present-remains a question to be studied.
There are not sufficient data to implicate free-ranging marsh deer as playing an important role as carriers of FMDV in the studied infected zones. Studies elsewhere have shown that persistently infected animals very rarely, if ever, transmit infection (Thomson, 1996) . It seems logical to assume, however, that this deer species can be infected by FMD. When our study was conducted, the major concern was introducing animals infected with FMDV into the state of Sao Paulo. At the time of capture, Sao Paulo was considered a FMD-free zone, but outbreaks had occurred in the state of Mato Grosso do Sul. All captured marsh deer were quarantined for 60-120 days before transportation to captivity or reintroduction programs, and, considering our findings, as a further preventive measure, the 19 animals with titers $1.0 for FMDV subtype A 24 Cruzeiro were not translocated to FMD-free Brazilian states.
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